Reduced graphene oxide (rGO) reinforced 7075 Al matrix composites were fabricated by electrostatic self-assembly and powder metallurgy. 7075 Al powders were surface modified by introducing a cetyl trimethyl ammonium bromide (CTAB) membrane on the surface, which was able to form a strong bonding with graphene oxide (GO) through electrostatic interaction. During the vacuum sintering process, CTAB was effectively removed and GO was thermally reduced into rGO. Morphologies of GO nanosheets, GO/7075 Al powders, microstructures, and tensile fractographs of the composites were observed. The effect of rGO content on mechanical properties of rGO/7075 Al composites was investigated. The results show that a good bonding between rGO and matrix is achieved. With the rGO content increasing, the hardness increases gradually, while the ultimate tensile strength and yield strength initially increase and later decrease. The improvement in strength of rGO/7075 Al composites was attributed to stress transfer and dislocation strengthening. With rGO content reaching 0.50 wt %, the excessive addition of rGO gave rise to a weakening in the enhancement of the tensile properties due to the increasing amounts of brittle Al 4 C 3 and cracks.
Introduction
Today, aluminum matrix composites (AMCs) reinforced with nanoparticles, fibers, or whiskers are in high demand due to their attractive characteristics, such as low density combined with high strength, large matrix selectable range, various production processes, and considerable improvement in mechanical properties after heat treatment [1, 2] . Due to these desirable properties, AMCs are widely applied as structural materials in many industries, such as automobiles, aerospace, as well as drill pipe material used in extra-deep oil drilling [3] [4] [5] [6] . Among aluminum alloys, 7000-series aluminum alloys possess the highest strength-to-weight ratio, which makes them an attractive candidate for reinforcement by a second phase to further improve their properties [7] [8] [9] .
As the perfect layer structure of two-dimensional (2D) sp2-hybridized carbon atoms, graphene has been extensively investigated in recent years due to its outstanding properties, such as high Young's modulus, high fracture strength, and excellent thermal conductivity [10] [11] [12] [13] [14] . Due to these excellent mechanical properties and high specific surface area, graphene is expected to be an ideal reinforcement phase interacting with aluminum matrix, even in a small concentration. However, Figure 1 elaborates the fabrication procedure of the rGO/7075 Al composites used in this investigation. Four principle steps are involved in the fabrication process:
Composites Preparation
(1) Preparation of GO aqueous dispersion: To strip the as-received graphite oxides into GO nanaosheets with several-layers structure, the graphite oxide was added into deionized water and then ultrasonicated for 2 h to obtain a brown dispersion with no residual sediment. A 1 mg/mL GO aqueous dispersion was finally prepared. Figure 2 displays an AFM image of GO nanosheets obtained from the GO aqueous dispersion. As can be seen, the thickness of the GO nanosheets was~5 nm. Considering the thickness of monolayer GO nanosheets was~1 nm due to the attachment of oxygen functionalities [19] , the GO nanosheets used in this investigation were no more than five layers. (2) Modifying 7075 Al powders with CTAB: 50 g 7075 Al powders and 300 mL CTAB aqueous solution (0.8 wt %) were magnetically stirred for 2 h, filtered, and then rinsed with deionized water to obtain the CTAB-modified 7075 Al powders. (3) Adsorption of GO onto the 7075 Al powders: A powder slurry was prepared through adding CTAB-modified 7075 Al powders (~50 g) into deionized water. The GO aqueous dispersion was added drop by drop. The mixed slurry was magnetically stirred until the color changed to transparent, and was then filtered and rinsed to obtain the composite powders. The composite powders were finally vacuum dried at 70 • C for 8 h. (4) CTAB removal and rGO/7075 Al composites fabrication. No particular heating treatment was used to remove the CTAB and reduce the GO, because the sintering temperature (560 • C) was high enough to achieve the purpose. The green billets (30 mm in diameter and 40 mm in height) were prepared through compacting the composite powders under 140 MPa at room temperature. Subsequently, the green billets were heated in a vacuum furnace at 560 • C for 2 h, followed by hot pressing under 70 MPa for 10 min to ensure the density. After that, slabs with cross-sections 12 mm in width and 4 mm in thickness were obtained by hot extrusion at 450 • C. The extrusion ratio and ram speed used in present study were 14.7 and 1 mm/s, respectively. Subsequently, the slabs were solution-treated in a resistance furnace at 470 • C for 2 h, followed by water quenched, and then aged at 120 • C for 24 h. The contents of rGO in the composites were 0.15, 0.30, and 0.50 wt %, respectively. For comparison, a 7075 Al sample was also prepared using the same method without adding GO.
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Mechanical Properties and Density Measurements
The specimens were prepared in accordance with ASTM Standard E-8/E8M-09 [20] parallel to the extrusion direction with a 10 mm gauge length. The tensile test was performed after polishing the samples in air at room temperature using an electronic universal test machine (DDL 100, CIMACH, Changchun, China) operated at a constant crosshead speed with an initial strain rate of 5 × 10 −4 s −1 . At least three samples for each composite were measured to ensure the accuracy. The hardness of the composites and 7075 Al samples were tested by a microhardness tester (1600-5122VD Microment 5104, Buehler Ltd., Chicago, IL, USA) under an applied load of 100 g for 15 s. At least seven measurements were performed for each condition to ensure the accuracy of the results. The relative density of the as extruded composites and 7075 Al samples was measured by Archimedes' principle.
Microstructure Characterizations
The microstructures were characterized by a scanning electron microscopy (SEM; S-4800, Hitachi Ltd., Tokyo, Japan). Fourier transform infrared spectroscopy (FTIR; Thermal Scientific Nicolet iS10, Nicolet Ltd., Madison, WI, USA) was used to identify functional groups in GO, CTAB-modified 7075 Al powders, and composite powders. Thermal analysis was carried out using a simultaneous thermal analyzer (STA 499C, Netzsch Ltd., Bavaria, Germany) to analyze the thermal reduction of GO and CTAB removal during sintering process. The microstructures of rGO/7075 Al composites were characterized by optical microscopy (OM; Carl Zeiss-Axio Imager A2m, Gottingen, Germany) and transmission electron microscopy (TEM; JEOL-2000EX, Tokyo, Japan). The phase constituents of rGO/7075 Al composites were identified by X-ray diffraction (XRD; D/Max 2500PC, Rigaku Ltd., Tokyo, Japan) using Cu Kα radiation in step mode from 20 • to 80 • with a scanning speed of 5 • /min.
Results

Improvement in Adsorption Uniformity of GOs by CTAB Modification
The significant effect of CTAB on improving the dispersion uniformity of GO can be proven by comparing the mixture of GO and 7075 Al with and without CTAB modification. Figure 3 shows the mixture of the GO suspension with the unmodified 7075 Al and the CTAB-modified 7075 Al slurry after magnetic stirring. For the mixture of GO with unmodified 7075 Al, the upper layer of the mixture remains brown, indicating that most of the GO was not absorbed onto the 7075 Al surface and was still in the suspension. Some brown flocs lie on the surface of unmodified 7075 Al slurry, indicating the agglomeration of GO. By contrast, the upper layer of the GO and CTAB-modified 7075 Al mixture is nearly transparent, suggesting that most of the GO in the mixture was absorbed onto the 7075 Al surface. 
Mechanical Properties and Density Measurements
Microstructure Characterizations
The microstructures were characterized by a scanning electron microscopy (SEM; S-4800, Hitachi Ltd., Tokyo, Japan). Fourier transform infrared spectroscopy (FTIR; Thermal Scientific Nicolet iS10, Nicolet Ltd., Madison, WI, USA) was used to identify functional groups in GO, CTABmodified 7075 Al powders, and composite powders. Thermal analysis was carried out using a simultaneous thermal analyzer (STA 499C, Netzsch Ltd., Bavaria, Germany) to analyze the thermal reduction of GO and CTAB removal during sintering process. The microstructures of rGO/7075 Al composites were characterized by optical microscopy (OM; Carl Zeiss-Axio Imager A2m, Gottingen, Germany) and transmission electron microscopy (TEM; JEOL-2000EX, Tokyo, Japan). The phase constituents of rGO/7075 Al composites were identified by X-ray diffraction (XRD; D/Max 2500PC, Rigaku Ltd., Tokyo, Japan) using Cu Kα radiation in step mode from 20° to 80° with a scanning speed of 5°/min.
Results
Improvement in Adsorption Uniformity of GOs by CTAB Modification
The significant effect of CTAB on improving the dispersion uniformity of GO can be proven by comparing the mixture of GO and 7075 Al with and without CTAB modification. Figure 3 shows the mixture of the GO suspension with the unmodified 7075 Al and the CTAB-modified 7075 Al slurry after magnetic stirring. For the mixture of GO with unmodified 7075 Al, the upper layer of the mixture remains brown, indicating that most of the GO was not absorbed onto the 7075 Al surface and was still in the suspension. Some brown flocs lie on the surface of unmodified 7075 Al slurry, indicating the agglomeration of GO. By contrast, the upper layer of the GO and CTAB-modified 7075 Al mixture is nearly transparent, suggesting that most of the GO in the mixture was absorbed onto the 7075 Al surface.
Umodified 7075 Al
CTAB-Umodified 7075 Al The FTIR spectrum displays the difference of CTAB-modified 7075 Al powder and unmodified 7075 Al powder in terms of surface structure. As shown in Figure 4 , the FTIR spectrum of the CTAB-modified 7075 Al powder shows many additional bands compared to that of unmodified 7075 Al powder. The band at 1000 cm −1 is caused by the C-N stretch vibration, a characteristic of CTAB. The band at 1471 cm −1 conveys the message that CTA + cations are in a liquid-like molecular environment where the alkyl chain of CTA + rotates freely around its long axis [21] . The strong absorption bands at 2918 cm −1 and 2849 cm −1 correspond to the C-H symmetrical and asymmetrical stretch vibrations of methyl and methylene, respectively [22] . The FTIR analysis confirms that the 7075 Al surface was coated with the CTAB membrane.
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Removal of CTAB and Thermal Reduction of GO during Sintering Process
In order to study the CTAB removal and the GO reduction during sintering process, TGA was used to analyze the thermal stability of CTAB and GO up to 560 • C, with a heating rate of 10 • C/min. As shown in Figure 6a , CTAB shows little mass loss before 200 • C, revealing a favorable thermal stability of CTAB at low temperature. The curve displays a significant mass loss at~90% from 200 • C to 350 • C, attributed to the CTAB pyrolysis. In the last stage, the curve displays a stable mass remaining at~10%, indicating the end of CTAB pyrolysis. The remaining mass could be the residual carbon. The mass remaining curve of GO presented in Figure 6b also displays three discrete stages. Firstly, a slight mass loss (~10%) occurs up to 150 • C. In the second stage, an additional significant mass loss (~32%) occurs up to 260 • C. Finally, an 8% mass loss can be observed up to 560 • C. 
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Microstructure
The representative OM images for the ND-TD surface of rGO/7075 Al composites are shown in Figure 8 . The microstructure shows a typical fibrous structure attributed to the hot extrusion. Due to this microstructure, it is very difficult to make a quantitative measurement on grain size. In order to determine the phase composition of the composites, the X-ray diffraction was performed. The XRD patterns for 7075 Al and rGO/7075 Al composites are given in Figure 9 . According to the XRD results, major aluminum peaks are observed at 38.47 • (1 1 1) , 44.71 • (2 0 0), 65.09 • (2 2 0), and 78.22 • (3 1 1) (PDF#65-2869) . A MgZn 2 (2 0 0) peak at 40.17 • (PDF#65-3578) and an AlCu (−7 1 2) peak at 58.11 • (PDF#26-0016) are also observed. These second phases in the aluminum matrix were mainly precipitated in the process of aging treatment and benefitted to improve the mechanical properties of 7075 Al alloys through precipitation strengthening mechanism [23] . Based on the XRD patterns and Scherrer's equation [24] , the average crystal size of 7075 Al, 0.15, 0.30, and 0.50 wt % rGO/7075 Al composites are 91.3 nm, 64.7 nm, 51.3 nm and 46.0 nm respectively. No aluminum carbide (Al 4 C 3 ) peak or graphene peak is found in the XRD patterns, different from the detection results obtained by Rashad et al. [15] and Li et al. [25] . However, it cannot be concluded that no Al 4 C 3 phase was formed during the sintering process, since the rGO content (up to 0.5 wt %) is probably beyond the detection limit of XRD. As the interfacial phase (Al 4 C 3 ) and the bonding condition between rGO and matrix are very significant to the mechanical properties of composites, it is necessary to analyze the rGO/7075 Al composites by TEM. 
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Mechanical Properties
The Vickers hardness results of 7075 Al and composites are presented in Figure 11a . As shown in Figure 11a , the Vickers hardness value increases with the increasing rGO content. This improvement is attributed to the uniformly distributed rGO provided to transfer load from the 7075 Al matrix and restrains the dislocation movement during indentations. On the other hand, the density of composites also plays a vital role in affecting their hardness. Table 2 shows the density and the relative density of 7075 Al and composites. All composites display a high relative density at~99.40%, though with rGO addition the relative density of composites slightly decreases. This phenomenon indicates that an outstanding densification is achieved through sintering and extrusion. Compared to the density, the reinforcement rGO plays a more important role in improving the hardness. 
The Vickers hardness results of 7075 Al and composites are presented in Figure 11a . As shown in Figure 11a , the Vickers hardness value increases with the increasing rGO content. This improvement is attributed to the uniformly distributed rGO provided to transfer load from the 7075 Al matrix and restrains the dislocation movement during indentations. On the other hand, the density of composites also plays a vital role in affecting their hardness. Table 2 shows the density and the relative density of 7075 Al and composites. All composites display a high relative density at ~99.40%, though with rGO addition the relative density of composites slightly decreases. This phenomenon indicates that an outstanding densification is achieved through sintering and extrusion. Compared to the density, the reinforcement rGO plays a more important role in improving the hardness. The tensile properties of composites with different addition contents of rGO are presented in Table 3 . As shown in Table 3 , rGO exhibits a significant effect on the tensile properties of 7075 Al alloys. Compared with 7075 Al having 452 MPa tensile strength, 333 MPa yield strength, the composites all show higher tensile properties. Figure 11b displays the variation tendencies of yield strength and ultimate tensile strength with increasing rGO content. The yield strength and the ultimate tensile strength both display an increase followed by a decrease, and reach the peak value at 385 MPa and 505 MPa, respectively, with 0.30 wt % rGO addition. Compared with 7075 Al, the yield strength and ultimate tensile strength are increased by 15.6% and 11.7%. For the elongation, the composites experience a decrease in elongation with rGO content increasing. Figure 11 . The variation tendencies of (a) hardness and (b) yield strength, and the ultimate tensile strength with rGO content. The tensile properties of composites with different addition contents of rGO are presented in Table 3 . As shown in Table 3 , rGO exhibits a significant effect on the tensile properties of 7075 Al alloys. Compared with 7075 Al having 452 MPa tensile strength, 333 MPa yield strength, the composites all show higher tensile properties. Figure 11b displays the variation tendencies of yield strength and ultimate tensile strength with increasing rGO content. The yield strength and the ultimate tensile strength both display an increase followed by a decrease, and reach the peak value at 385 MPa and 505 MPa, respectively, with 0.30 wt % rGO addition. Compared with 7075 Al, the yield strength and ultimate tensile strength are increased by 15.6% and 11.7%. For the elongation, the composites experience a decrease in elongation with rGO content increasing. 8.0
Discussion
The significant difference in the dispersion uniformity of GO between the unmodified 7075 Al powder and the CTAB-modified 7075 Al powder reveals the critical effect of CTAB modification on improving the absorption uniformity of GO. The FTIR spectrum for GO (Figure 7b ) reveals that GO is fabricated with large amounts of hydrophilic oxygen-containing groups, such as -OH, -COOH, and -C=O, endowing the GO with hydrophilic surface property, are very similar to the -COOH functionalized carbon nanotubes [26] . However, due to the naturally-formed alumina film, 7075 Al powder is identified as hydrophobic [26] . The contradictory water wettability determines that the GO can hardly form a homogeneous distribution with the unmodified 7075 Al powders through stirring.
CTAB is a water soluble cationic surfactant that shows good coordination with anionic and amphoteric surfactants [27] . The FTIR spectrum for CTAB-modified 7075 Al powder (Figure 4 ) reveals that a considerable number of positive charges (CTA + ) were introduced on the surface of 7075 Al powder. The CTAB modification leads to the formation of a thin cationic membrane due to its hydrophobic long carbon chains and electropositive polar groups. The compatible water wettability of alumina film plays a key role in absorbing the long carbon chains through van der Waals force to form a stable CTAB membrane [18] . The CTAB membrane also introduces a large number of positive charges onto the surface of the 7075 Al powder. Due to the negative charged nature, GO tends to absorb onto the cationic CTAB membrane through electrostatic attraction and, thus, a uniform distribution of GO in the CTAB-modified 7075 Al powders can be effectively achieved.
To achieve the removal of impurity (CTAB in this research) and the reduction of GO, Wang et al. [16] and Jiang et al. [26] employed the extra thermal treatment. However, the TGA result for CTAB (Figure 6a ) shows a remarkable mass loss (~90%) up to 560 • C, indicating a complete decomposition of CTAB during the sintering process, which can also be proven by the XRD patterns for the composite powders before and after heating (Figure 7a) . Meanwhile, the TGA result for GO up to 560 • C (Figure 6b ) displays the mass loss in three discrete stages. In accordance with the analysis obtained by Tegou et al. [28] , the mass loss (~10%) in the first stage is mainly caused by the elimination of physisorbed and interlamellar water molecules. The significant mass loss (~32%) in the second stage is primarily attributed to the thermal decomposition of covalently bonded oxygen. Finally, in the last stage the mass loss (~8%) is caused by the removal of more stable oxygen-containing functional groups. However, compared to the TGA results obtained by Tegou et al. [28] , the 150 • C decomposition temperature here is approximately 30 • C higher, while the ending temperature of the second stage is 260 • C, 60 • C higher. The difference is probably due to the ambient atmosphere adopted in literature [28] , while the TGA in this investigation was carried out in vacuum atmosphere. The FTIR spectrum (Figure 7b ) also demonstrate the disappearance of the oxygen functional groups on GO, suggesting the thermal reduction of GO into rGO during the sintering period.
The strengthening mechanisms of well dispersed rGO reinforcing rGO/7075 Al composites are generally explained by grain refinement, stress transfer, and dislocation strengthening: as a nano-reinforcement, rGO is expected to impede the grain coarsening during thermal processing, resulting in higher mechanical properties [16] . Although the results of XRD spectra shows that the average crystal size decreases with rGO content increasing, the OM images of rGO/7075 Al composites and 7075 Al show little difference in grain size. According to the investigation of Li et al. [25] , the effect of grain refinement is negligible due to the hot-pressed sintering, which employs a low temperature avoiding 7075 Al changing into a liquid state. The enhancement of strength for composites is strongly depended on the interfacial bonding between rGO and matrix. TEM results show a good interfacial bonding condition obtained in this study. A good interfacial bonding condition allows the tensile stress to transfer from matrix to reinforcements and create an interfacial shear stress [29] . The contribution of yield strength increase for composites can be calculated from shear lag model [15] :
where σ SL is yield strength of composite calculated by shear stress model, f v is volume fraction of rGO, σ m is yield strength of Al matrix, and S is aspect ratio of rGO. The wrinkles on the rGO surface were also reported to be beneficial to the formation of the mechanical bond between rGO and the pure Al matrix [30] . Orowan looping is an important model related to dislocation strengthening. The addition of rGO contributes to the strengthening through restricting dislocation movements. A uniform dispersion of rGO could offer a large number of nano-particles to take part in this strengthening mechanism [25] . Plastic deformation leads to form residual dislocation loops around rGO and these loops produce back stress restricting dislocation movement and, thus, increasing the strength [15] . On the other hand, the significant mismatch in coefficient of thermal expansion (CTE) between rGO and the 7075 Al matrix (CTE rGO = 0.9 × 10 −6 K −1 , CTE 7075 Al = 23.6 × 10 −6 K −1 ) can form a large number of dislocations at the interface. Dislocation density is determined by the surface area of reinforcement. Smaller reinforcement particles lead to a higher dislocation density which results in the strengthening of the composites [31] . Due to its unique two-dimensional structure, rGO is known for its very large surface area (theoretically as much as 2630 m 2 /g) [32] . Therefore, rGO is able to contribute to a rather high dislocation density. The yield strength of composites σ c can be calculated by the following equation [33] :
where:
where G is the shear modulus of the 7075 Al matrix, b is the Burgers vector of matrix (0.286 nm for 7075 Al), ∆T is the difference between the processing temperature and the testing temperature, ∆C is the difference in CTE between the matrix and rGO, f v is the volume fraction of rGO, and d p is the mean particle size of rGO. Figure 12 displays the comparison of yield strength obtained from different models and the present study. The experimental data matches closely with the theoretical prediction by the Orowan strengthening mechanism, indicating that the Orowan strengthening mechanism is predominant in the rGO/7075 Al composites. Uniform dispersion of rGO in the matrix restricts the dislocation motion in the matrix and leads to high dislocation density at the rGO/7075 Al interface [31] . Higher surface area and smaller particle size of rGO will lead to higher dislocation density.
However, it is worth noting that the excessive addition of rGO (0.50 wt %) gives rise to a weakening in the enhancement of the tensile properties compared with 0.30 rGO/Al composite, which is different from the prediction by Orowan strengthening mechanism. The decrease in tensile properties might be caused by the formation of Al 4 C 3 in the composites, an interfacial product between the rGO and Al matrix formed at high sintering temperature via the following reaction:
Moreover, Koratkar et al. [17] reported that wrinkles and folds on the surface of rGO provide massive defect sites, which could become reaction sites for the Al 4 C 3 formation. Al 4 C 3 is known as a brittle phase having harmful effects on tensile properties of composites [25] . Thus, the increasing amount of Al 4 C 3 is likely to be the primary factor leading to the weakening in the enhancement of tensile properties for 0.50 rGO/7075 Al.
The fracture morphology of 7075 Al and composites is presented in Figure 13 . A large number of dimples and transgranular fracture surfaces are observed in 7075 Al and all composites, indicating the ductile failure. For the composites with different contents of rGO addition, the pull-out rGO is found at the edge of dimples. Meanwhile the amount of dimples decreases with increasing rGO content, leading to the decrease in elongation. Apart from the pull-out rGO, cracks are detected on the fracture surface of 0.30 rGO/7075 Al and 0.50 rGO/7075 Al, and the number of cracks increases with increasing rGO content from 0.30 to 0.50 wt %. At the edge of the cracks, some pull-out rGO is also observed. This phenomenon might result from the weak bonding force of the few-layered rGO used in this study (see AFM in Figure 2 ). The cracks are most likely to originate at the interlayer of rGO and propagate along the tensile direction [18] . Therefore, the increasing rGO content also leads to an increase in cracks, having a negative effect on the tensile properties and elongation. When the rGO content reaches a critical value, the negative effect of cracks becomes predominant and causes the tensile properties of composites to decline. It is anticipated, with further increasing rGO content (larger than 0.50 wt %), that the excess rGO will give rise to a lower tensile strength even in comparison to 7075 Al. At the edge of the cracks, some pull-out rGO is also observed. This phenomenon might result from the weak bonding force of the few-layered rGO used in this study (see AFM in Figure 2 ). The cracks are most likely to originate at the interlayer of rGO and propagate along the tensile direction [18] . Therefore, the increasing rGO content also leads to an increase in cracks, having a negative effect on the tensile properties and elongation. When the rGO content reaches a critical value, the negative effect of cracks becomes predominant and causes the tensile properties of composites to decline. It is anticipated, with further increasing rGO content (larger than 0.50 wt %), that the excess rGO will give rise to a lower tensile strength even in comparison to 7075 Al. 
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We have fabricated 7075 Al matrix nanocomposites based on powder metallurgy and electrostatic self-assembly processes. The effect of rGO content on the mechanical properties of rGO/7075 Al composites were studied. The results are summarized as follows: At the edge of the cracks, some pull-out rGO is also observed. This phenomenon might result from the weak bonding force of the few-layered rGO used in this study (see AFM in Figure 2 ). The cracks are most likely to originate at the interlayer of rGO and propagate along the tensile direction [18] . Therefore, the increasing rGO content also leads to an increase in cracks, having a negative effect on the tensile properties and elongation. When the rGO content reaches a critical value, the negative effect of cracks becomes predominant and causes the tensile properties of composites to decline. It is anticipated, with further increasing rGO content (larger than 0.50 wt %), that the excess rGO will give rise to a lower tensile strength even in comparison to 7075 Al. 
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We have fabricated 7075 Al matrix nanocomposites based on powder metallurgy and electrostatic self-assembly processes. The effect of rGO content on the mechanical properties of rGO/7075 Al composites were studied. The results are summarized as follows:
(1) The significant improvement in the adsorption uniformity of GO is attributed to the formation of the cationic CTAB membrane on 7075 Al powders. Due to the negatively-charged nature, GO tends to absorb onto the cationic CTAB membrane through electrostatic attraction and, thus, a uniform distribution of GO in the CTAB-modified 7075 Al powders is effectively achieved. 
